In this study we investigated the structure of an acidic fucose-containing pentasaccharide released from bovine submaxillary-gland mucin by alkaline-borohydride treatment. The structure, determined by a combination of one-dimensional and two-dimensional 'H-n.m.r. spectroscopy at 270 MHz and methylation analysis involving g.l.c.-m.s., was as follows:
INTRODUCTION
Previous investigations of the oligosaccharides released by alkaline-borohydride treatment of bovine submaxillary-gland mucin [1, 2] have shown the presence of three acidic oligosaccharides: NeuAc (or NeuGc)a(2-+6)GalNAcol, Gal,( l -3)[NeuAca(2-+6)]-GalNAcol and GlcNAc(l -+ 3)[NeuAca(2-+6)]GalNAcol. Tsuji & Osawa [2] have reported the structure of a neutral fucose-containing oligosaccharide in bovine submaxillary-gland mucin. In the present study we have extended the work of these investigators and report here the occurrence of a novel acidic fucose-containing oligosaccharide in bovine submaxillary-gland mucin. The structure was determined by an analysis of the one-dimensional 'H-n.m.r. spectrum at 270 MHz in conjunction with two-dimensional correlation experiments (COSY and RELAYED-COSY). Methylation analysis results were in agreement with this structure. A preliminary report on this study has appeared [3] .
MATERIALS AND METHODS
Mucin was isolated from bovine submaxillary glands by the procedure of Tettamanti & Pigman [4] , with modifications by Hill et al. [5] . Reduced oligosaccharides were obtained from the 65-7500-(v/v)-ethanol precipitate by ,-elimination according to published procedures [6, 7] and separated into neutral and acidic fractions on a Dowex AGI-X2 column [6] . The acidic fraction was further fractionated by gel filtration as previously described [8] and assayed for sialic acid [9] .
Oligosaccharides were purified by preparative h.p. 
RESULTS

Isolation of oHigosaccharide
Approx. 90 of the total mucin-bound sialic acid was precipitated in the 65-75 00-(v/v)-ethanol fraction. From 4 g of this mucin 2.5 g of oligosaccharides was released by fl-elimination. The acidic fraction from ion-exchange chromatography (approx. 1 g), when applied to a BioGel P-4 column, gave seven peaks. Only peak Al, which was eluted at a volume corresponding to approximately nine hexose units, yielding approx. 3.5 mg of oligosaccharides, was further investigated by h.p.l.c. Two components, Ala and Alb, were identified by h.p.l.c. (Fig. 1) . The major component, Ala, was isolated by preparative h.p.l.c. and desalted, giving approx. 1.5 mg of oligosaccharide. 
Composition of oligosaccharide Analysis of oligosaccharide Al a after mild acid hydrolysis, by the use of h.p.l.c., showed it to be composed of N-acetylneuraminic acid and an oligosaccharide that was eluted slightly earlier than standard 2) . The sialic acid species was also identified by the use of g.l.c.-m.s. [11] , giving the same result. The oligosaccharide was shown to be composed of equimolar amounts of sialic acid, fucose, galactose, N-acetylglucosamine and N-acetylgalactosaminitol by the use of g.l.c.
Methylation analysis
The molar ratios of the partially methylated monosaccharides obtained on methanolysis and acetylation of the permethylated oligosaccharide-alditol are given in Table 1 . From the substitution pattern of N-acetylgalactosaminitol it can be deduced that it is substituted at both positions 3 and 6. Similarly, galactose and Nacetylglucosamine residues are substituted at positions 2 and 4 respectively, and the fucose and N-acetylneuraminic acid residues are unsubstituted. 'H-n.m.r. spectroscopy In order to determine the anomeric configurations of the linkages and to determine its primary structure, oligosaccharide Ala was investigated by 1H-n.m.r. In the one-dimensional spectrum (Fig. 3) , the N-acetylgalactosaminitol H-2 resonance is found at 6 = 4.263 p.p.m. (Table 2 ). Its typical triplet-like shape cannot be readily recognized, because the signal partly coincides with that of H-5 of the fucose residue. Nevertheless, the chemical shift is characteristic of N-acetylgalactosaminitol substituted by N-acetylglucosamine in f8(1 -*3)-glycosidic linkage [12] . Residues are numbered as follows: Fuc5c(l -.2)Gal4#-
This chemical shift is also indicative of substitution at H-2 of Galfl(I -4) by Fuca(l-12), as opposed to terminal Gal,(1-.4) (d=4.45-4.47p.p.m.) [12] . The (1-.4)-glycosidic linkage between galactose and N-acetylglucosamine has been confirmed by the assignment of H-3 of N-acetylglucosamine (d = 3.7-3.8 p.p.m.) from the 1-RELAYED-COSY spectrum (Fig. 4) . This value is indicative of a (1 -.4)-glycosidic linkage as opposed to a value of approx. 3.9 p.p.m. for a (1 --.3)-glycosidic linkage [17] . In addition, the chemical shift of H-6 of Nacetylglucosamine (d = 4.010 p.p.m.) is in agreement with galactose in ,(1-4)-glycosidic linkage as opposed to f,(I -.3)-glycosidic linkage [13] . On the basis of these data, the structure of oligosaccharide Ala is proposed as:
DISCUSSION
We report here the structure of a novel acidic pentasaccharide. Although the occurrence of oligosaccharides in bovine submaxillary-gland mucin containing sialic acid and fucose had been proposed in 1970 by Bertolini & Pigman [1] , this is the first report of the structure of an acidic oligosaccharide from bovine submaxillary-gland mucin containing fucose. This is also the first time that the blood-group-H type 2 determinant [fucose linked a(l-12) to galactose on type 2 Galfi(l -.4)GlcNAc chains] has been found in submaxillary-gland mucin, although it has been found on ovarian-cyst mucin [18, 19] , human bronchial mucin [20] , pig trachea mucin [21] , sheep gastric mucin [22] and pig stomach mucin [16] . Previously, the blood-group-H type 3 determinant [fucose linked a(1-.2) to Gal,8(1 -.3)GalNAc] has been found in bovine [2] , pig [23] and sheep [24] submaxillary-gland mucins.
On the basis of the 'one enzyme-one linkage' concept of oligosaccharide biosynthesis [25] , five different glycosyltransferases are necessary for the biosynthesis of this pentasaccharide. The fucosyltransferase is probably the blood-group-H f8-galactoside ac(l -2)-fucosyltransferase that has been characterized from pig submaxillary glands [26] and has been shown to act, although at a lower rate, on type 2 chains. In analogy with the biosynthesis of the trisaccharide Gal,J(1 -.3)[NeuAcaz(2-.6)]GalNAcol [27, 28] it is likely that the N-acetylglucosamine residue is transferred to N-acetylgalactosamine before the N-acetylneuraminic acid residue.
A ,(I -*3)-N-acetylglucosaminyltransferase acting on GalNAca-R structures has been reported in pig and rat colon mucosa [29] . The N-acetylgalactosaminide oc(2-.6)-sialyltransferase from pig submaxillary glands [30] has been shown to have a strict requirement for protein at the aglycone but has a loose specificity with regard to the oligosaccharide structure [31] . The specificity of both enzymes is compatible with the suggested order of attachment of N-acetylglucosamine and N-acetylneuraminic acid, and probably very similar enzyme activities are present in bovine submaxillary gland.
Further extension of the carbohydrate structure with a ,/4-galactosyl and a a2-fucosyl residue may occur after sialic acid has been attached. It has been shown that sialylation does not block the formation of the bloodgroup-A determinant by a-fucosylation and a-N-acetylgalactosaminylation on pig submaxillary mucin [28] . Similarly, sialylation might not impair further glycosylation of the oligosaccharides on the bovine mucin. Both N-acetylneuraminic acid-and N-glycollylneuraminic acid-containing oligosaccharides have been reported in bovine submaxillary mucin [2, 3] . The sialic acid species in oligosaccharide Ala has been identified as N-acetylneuraminic acid rather than N-glycollylneuraminic acid by using h.p.l.c., and this has been confirmed by g.l.c.-m.s. The sugar sequence has been determined by analysis of the 'H-n.m.r. spectrum at 270 MHz. Evidence for the blood-group-H type 2 chain is confirmed by analysis of the 1-RELAYED-COSY spectrum, and the methylation analysis data are in agreement.
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